Objective: We aimed to identify dietary patterns (DPs) of Portuguese adults, to assess their socioeconomic, demographic, lifestyle determinants, and to identify their impact on health.
inTrODUcTiOn Dietary factors and other lifestyles such as physical inactivity, tobacco use, and harmful ingestion of alcohol are well documented risk factors for several non-communicable chronic diseases (NCDs) and death (1) . In fact, an inverse association of healthful dietary patterns (DPs) with all-cause mortality, cancer and cardiovascular disease risk was reported in several studies (2) (3) (4) (5) (6) . Taking into account these trends in global health, World Health Organization (WHO) has established the prevention and control of NCDs as a major public health challenge, suggesting the need to strengthen the actions to reduce the modifiable risk factors (7) . In Portugal, the leading risk factors for disease burden, measured in disability-adjusted life years (DALYs), are unhealthy dietary habits, accounting for 19.2% of all DALYs (8) . In terms of dietary behaviors, an excessive consumption of energy, saturated fats, trans fats, sugar and salt and low consumption of vegetables, fruits, and whole grains are pointed to as the most important factors related to these leading causes of death, disease, and disability (9) (10) (11) (12) (13) (14) .
Improving populations' health requires epidemiological information on peoples' health and lifestyles to further develop and target suitable interventions to population groups at risk. Indeed, the inequality gap in NCDs and their risk factors highlight the need of studying the DPs, as well as, their association with socioeconomic and demographic factors, lifestyle behaviors, and health status of the population. Several studies have pointed out the existence of a social gradient in dietary habits, showing that inadequate DPs are more prevalent among individuals from lower socioeconomic status. Educational level, income, and occupation have been suggested as the main socioeconomic factors associated with dietary habits (15) . Moreover, a large body of epidemiologic data showed that inadequate dietary habits commonly coexist with other unhealthy lifestyle behaviors (physical inactivity, smoking habits, and alcoholic habits) in the same groups of the population (16) (17) (18) (19) (20) (21) (22) .
In fact, in Portugal, the lack of epidemiological information, valid and useful to support public health decision-making, mainly in terms of food consumption and its association with NCDs data is a reality. The major national population health surveys (health interview survey, serological survey, and food and nutrition survey) have been conducted on irregular basis and there are no recent data. There is an urgent need to obtain information regarding health-related behaviors of the Portuguese population, providing information related to its determinants (socioeconomic and demographic factors), associated factors, and its consequences for health. Interestingly, one of the aims of Portuguese National Program for the Promotion of Healthy Eating (23) is to collect updated data on food consumption and nutrition, mainly among vulnerable population to take actions toward better health indicators.
Therefore, studying the determinants of DPs is of utmost importance when developing public health policies, identifying population groups that most likely would benefit from those interventions (24). Indeed, the considerably high attributable risk of NCDs due to lifestyles highlights the need of studying the role of DPs in populations with different exposure ranges, according to socioeconomic and demographic factors. It is also important to determine the associations between DPs and other behavioral and clinical variables of interest, in order to better identify vulnerable populations (25) .
This study aims to identify DP of Portuguese adults, to assess their socioeconomic, demographic, and lifestyle determinants, and to identify their impact on health.
MaTerials anD MeThODs

The Portuguese setting
Portugal is a South-western European country. According to 2011 Census, the Portuguese resident population was 10,562,178 inhabitants, 8,000,000 out of them are adults. According to Nomenclature of Territorial Unit for Statistics (NUTS II), Portugal is divided into the following seven regions: Norte, Centro, Lisboa e Vale do Tejo, Alentejo, Algarve, Azores, and Madeira (Figure 1 ).
study Design and Participants
A random sample representative of the adult Portuguese population was recruited to constitute the EpiDoC cohort. EpiDoC cohort was designed to study health determinants and outcomes, NCDs, and their impact on health resources consumption. In each evaluation, a nuclear questionnaire regarding socioeconomic, chronic diseases in particular rheumatic diseases, quality of life, and health consumption was applied and was repeated at every evaluation in order to gather longitudinal data. Moreover, each wave of evaluation had also specific and distinct questions regarding other several health and health-related issues that allow obtaining cross-sectional and longitudinal data from these population-based studies. At the first study (EpiDoC 1 or EpiReumaPt), the main goal was to determine the prevalence of rheumatic diseases and their burden in Portugal (26, 27) . In EpiDoC 2, the main goal was to characterize lifestyles, health innovation, and social interactions.
All the participants in EpiDoC 1 assessment who signed the Informed Consent for further evaluations and those who provided their telephone number were enrolled in the cohort. Subjects unwilling to sign the Informed Consent, unable to speak Portuguese, or with an inability to answer the questionnaire were excluded (28) . Regardless, a caregiver might have been the one answering the questionnaire. The flowchart of EpiDoC cohort is described in Figure 2 .
Data collection
The data collection was performed between March 26, 2013 and July 27, 2015. A trained research assistant team was responsible for collecting the data from these subjects, by telephone calling all the individuals. When a contact was not available, they attempted different moments (morning, afternoon, evening, and weekends) in order to accomplish a minimum of six attempts. The last contact had at least a 1-month interval from the previous one. Only then the contact is abandoned. Rescheduling of the phone interviews was an option.
The interview was telephonically performed with the assistance of a computer-assisted telephone interview system (an in-house software platform, developed by the informatics team of Sociedade Portuguesa de Reumatologia). Standardized procedures were undertaken to collect data.
Measurements
Sociodemographic, Characteristics
Sociodemographic (sex, age, ethnicity, years of education, marital status, household composition, and NUTS II) as well as socioeconomic variables (household income, employment status) were collected in EpiDoC 1 [EpiReumaPt study (26) ]. At this second assessment (EpiDoC 2), subjects were asked whether there have been changes in those variables.
Health Characteristics
During EpiDoC 2 study, individuals were asked if they had been previously diagnosed with some chronic disease (high cholesterol level, high blood pressure, rheumatic disease, allergy, gastrointestinal disease, mental disease, cardiac disease, diabetes, thyroid and parathyroid disease, urolithiasis, pulmonary disease, hyperuricemia, cancer, neurologic disease, and hypogonadism). Health-related quality of life was assessed using the European Quality of Life questionnaire with five dimensions and three levels (EQ-5D-3L) (29, 30) , where higher scores correspond to higher quality of life. Physical function was evaluated based on the Health Assessment Questionnaire (0-3, the higher the worse functional ability) (31) . The Hospital Anxiety and Depression Scale (32) was applied to identify symptoms of anxiety and depression (score > 11). All these assessment scales were Portuguesevalidated versions.
Lifestyle Characteristics
Self-reported height and weight were collected during EpiDoC 1 assessment. Body mass index (BMI, weight/height 2 (26) .
Individuals were classified according to their DPs and two clusters were built based on dietary intake (number of meals, weekly frequency of consumption of soup, vegetables, fresh fruit, meat, fish, milk/dairy products, and water intake per day). The scales were very different among questions which implied standardization procedures by rescaling the variables to have a mean of zero and a SD of 1. For the cluster analysis, Ward's Linkage (34) was used with squared Euclidian distance (35) . Of note, food pattern studies are already widely used in Nutritional Epidemiology, and Cluster analysis is one of the methods commonly adopted (36) (37) (38) (39) .
Since the original questions were recorded as categorical variables, a conversion was made with the purpose of obtaining continuous variables, appropriate for this analysis. A weekly consumption measure was created for each question, considering the middle point for each category.
For the number of meals, it was considered that the common maximum daily number of meals was 6, and therefore, the last category (5 or more meals/day) was recoded using the middle point of 5.5 meals times per day for the 7 days of the week. Thus, the original categories of 2 meals/day, 3 meals/day, 4 meals/day and 5 or more meals/day were recoded, respectively, in the following weekly frequency 14, 21, 28, and 38.5. For the soup, vegetables, fruit, and milk/dairy products frequency of consumption, it was assumed that everyday consumption can range from once to twice a day, translating in 7-14 times a week, which results in a middle point of 10.5 times a week. For the rarely category, it was reasonable to consider a monthly frequency of consumption, being recoded using 0.25 (once a month-1 time in 4 weeks). Thus for these questions, the original categories of everyday, 6 times/week, 3-4 times/week, 1-2 times/week, rarely, and never were recoded, respectively, in the following weekly frequency 10.5, 6, 4, 1.5, 0.25, and 0.
For the frequency of consumption of meals of meat and fish, it was reasonable to consider a twice monthly based frequency of consumption for the rarely category, since for meat and fish, the question was related to the number of meals per week instead of number of times per week. The original categories of 10-14 meals/week, 7-10 meals/week, 4-6 meals/week, 1-3 meals/week rarely, and never were recoded, respectively, in the following weekly frequency 12, 8.5, 5, 2, 0.5, and 0.
For the highest category of water intake, it was considered the standard recommendation of up to 2 L per day, which translates into up to 14 glasses of 150 mL (approximately 2 L), being the middle point 10.5 glasses per day, which correspond to the middle point of 73.5 glasses per week. The original categories of 1-2 glasses/day, 3-4 glasses/day, 5-7 glasses/day, and >7 glasses/day were recoded, respectively, in the following weekly frequency 10.5, 24.5, 42, and 73.5 mL.
Absolute frequencies and weighted proportions were used to summarize categorical variables. Continuous variables were described by weighted mean values and SDs.
Logistic regression models were used to assess the differences between the obtained clusters of DPs, regarding sociodemographic, socioeconomic, health status, and lifestyle variables. These models were always adjusted for sex, age, and NUT II. The associations between DPs and sociodemographic, socioeconomic, health status, and lifestyle variables were further investigated based on crude and adjusted (age, sex, education, employment status, NUT II, smoking habits, physical activity, and alcohol habits) models. Multivariable models were performed using backward selection. Results were described in terms of odds ratio (OR) and corresponding 95% confidence intervals. Significance level was set at 0.05. Possible interactions between variables introduced in the model that might be correlated were tested.
All analyses were weighted and performed using Stata IC version 12 (StataCorp. 2011. Stata Statistical Software: Release 12; StataCorp LP, College Station, TX, USA).
ethics
The study of the subjects was performed according to the principles established by the Declaration of Helsinki (40) and revised in 2013 in Fortaleza. The study was reviewed and approved by the National Committee for Data Protection (Comissão Nacional de Proteção de Dados) and by the NOVA Medical School Ethics Committee. The participants provided written informed consent to contribute in all phases of the study.
resUlTs
In EpiDoC 2 study, a total of 7,591 participants completed the questionnaire. The EpiDoC cohort's sociodemographic characteristics did not differ from the Portuguese population (Table 1) . Table 2 presents the dietary habits description of EpiDoC population.
(Continued) 
Dietary Patterns
According to the study purpose, two clusters were identified: cluster 1 with 1,312 individuals and cluster 2 with 4,642 individuals. Cluster 1 was classified as "unhealthier" DP than cluster 2, considering the means of the standardized variables for weekly consumption for each cluster ( Table 3 ). The comparison of such means by clusters allows us to observe that there is a clear difference between the groups, regarding the pattern of food consumption. Cluster 1 ("meat dietary pattern") has a reduced number of meals per week, less frequency of consumption of soup, vegetables, fresh fruit, fish, milk/dairy products, and less water intake. Cluster 1 has the higher frequency of consumption of meat. Cluster 2 ("Fruit & vegetables dietary pattern") has a higher number of meals per week, high frequency of consumption of soup, vegetables, fresh fruit, fish, milk/dairy products, and high water intake. Cluster 2 has a lower frequency of consumption of meat.
sociodemographic and lifestyle characteristics associated with "Meat Dietary Pattern"
We performed logistic regression models in order to identify the associated factors with the "unhealthy" DP-"meat dietary pattern" (Tables 4 and 5) . We found that women compared to men (OR = 0.52; p < 0.001), people of higher age (OR = 0.97; p < 0.001), and people with more years of education (OR = 0.96; p = 0.025) are less likely to adopt the meat DP. On the other hand, individuals in a situation of unemployment/part-time employment/domestic worker (OR = 1.49; p = 0.013) were more likely to adopt this DP than their counterparts (employed full-time/ student/temporally work disabled/retired). Individuals from Azores tend to be more prone to belong to this group (OR = 1.40; p = 0.026 vs Norte) ( Table 4) . Inherently, some other lifestyle factors were significantly and independently associated with the adoption of the "meat dietary pattern, " individuals who smoke (OR = 1.58; p < 0.001), those who drink alcohol daily (OR = 1.46; p = 0.023), and those who are physically inactive (OR = 1.86; p < 0.001) seem to opt more for this DP. Furthermore, individuals who spend two or less hours per day using computers, videogames, and tablets (OR = 0.75; p = 0.043) were less likely to adopt the "meat dietary pattern" ( Table 4 ).
health characteristics associated With "Meat Dietary Pattern"
Regarding health status factors, we verified that the adoption of "meat dietary pattern" was significantly associated with depression symptoms (OR = 1.50; p = 0.018) ( Table 5) . Considering health-care resource consumption, individuals with a higher number of medical appointments since last contact (OR = 0.98; p = 0.025) were less likely to adopt this DP ( Table 5) .
Determinants of "Meat Dietary Pattern"
In the end, we have constructed a final model to identify the independent factors that contribute for the adoption of "meat dietary pattern" in Portugal ( Table 6) . A situation of unemployment/part-time employment/domestic working was an independent determinant for the adoption of "meat dietary pattern" (OR = 0.33; p = 0.041). Female sex (OR = 0.52; p < 0.001), elderly (OR = 0.97; p < 0.001), and higher literacy (OR = 0.96; p = 0.040) were considered protective factors for the adoption of "meat dietary pattern. " Regional disparities were also verified, with living on the Azores (OR = 1.44; p = 0.017) and Madeira (OR = 1.39; p = 0.046) islands being independent determinants for the adoption of "lower fruit and vegetables intake and higher meat intake" DP. Regarding lifestyle factors, individuals who were current smokers (OR = 1.50; p = 0.003) and physically inactive (OR = 1.80; p < 0.001) had 50 and 80%, respectively, higher odds of having a "meat dietary pattern. " Finally, we found a negative association between self-reported diabetes and the adoption of a DP with a lower frequency of consumption of soup, vegetables, and fruit and a higher frequency of meat consumption (OR = 0.72; p = 0.035), while a positive association was found between depression symptoms (OR = 1.56; p = 0.010) and the adoption of this DP ( Table 6 ).
DiscUssiOn
Using a representative sample of the adult Portuguese population we identified two distinct DPs through cluster analysis, the "meat dietary pattern" and the "fruit & vegetables dietary pattern. " Similar results were also identified in other countries (using a posteriori defined DP), with higher scores on fruits, vegetables, and fish and lower scores in meat indicating a healthier DP (42) . Our study has showed that the "unhealthy" DP ("meat dietary pattern") is independently associated with younger age, lower years of education, male sex, unemployment, part-time employment and domestic working. Furthermore, individuals from Azores and Madeira were more likely to report this kind of DP, given their high frequency of consumption of meat. Regarding lifestyle behaviors, smoking and being physically inactive were significantly and independently associated with having this type of DP.
The Portuguese third National Health Survey was performed 16 years ago. In this study, they also found that individuals with a higher education level reported to consume more frequently fruit, vegetables, milk and fish, and less wine and spirits than their counterparts from less educated groups. However, in contrast to our findings, the Portuguese third National Health Survey suggested that differences according to income were less clear, since there were no significant differences in food consumption between low and high income groups (43) . The actual change can be justified by the worsening economic condition in the last 5 years in Portugal.
The inverse association between an unhealthy DP and socioeconomic status, namely with education and employment status, has been described across different studies in different populations (20, 44, 45) . In fact, sex and age were also observed to influence DPs. In general, men tend to have a higher frequency of meat consumption and a lower frequency of consumption of fruit and vegetables. Furthermore, the elderly tend to eat more frequently soup, vegetables, fruit, and fish and less frequently meat. These trends were observed in other studies (19, 21, 46, 47) . Also, a recent analysis on DPs in the French population revealed that women were more concerned about healthy eating and that younger people were more likely to have unhealthier DPs. The influence of socioeconomic factors in diet was also confirmed in the DPs in France (48) .
Geographical differences in dietary habits in Portugal were also observed. The regions of Madeira and Azores islands have a significant higher proportion of residents that have the unhealthy pattern. A higher prevalence of overweight and obesity was also found in Azores region. Geographical differences in DPs are not surprising since dietary habits are largely influenced by cultural, socioeconomic aspects, and local food availability (25, 49) . Furthermore, our study showed that unhealthy DPs, physical inactivity behaviors, smoking, and daily intake of alcohol coexist in the same individuals. These results were also observed in several other countries worldwide where unhealthy diet is combined with other unhealthy lifestyle behaviors such as physical inactivity, smoking and alcoholic habits (16) (17) (18) (19) (20) (21) (22) . For instance, a recent study conducted in the English adult population showed that 68% of adults had at least two of the four unhealthy behaviors (unhealthy diet, physical inactivity, smoking, and heavy drinking) and that 26% had a combination of three or more of the four unhealthy behaviors (50) . The results of an Irish population study are consistent with our findings, in which DPs are related to other lifestyles behaviors (physical activity and smoking) (51) . Health promotion interventions are frequently focused on improving a specific lifestyle behavior. The co-occurrence of unhealthy behaviors in the same individuals suggests that health promotion interventions may be more effective if they focus on a multiple behavior approach than on a single behavior (22) . In fact, several studies have demonstrated that the combination of diet and physical activity interventions has higher effect on weigh reduction and other health determinants (cholesterol levels and blood pressure) than when were performed alone. Moreover, these combined interventions also have demonstrated effect on smoking cessation. On the other hand, in subjects with alcohol addiction, treating more than one addiction including smoking will lead to a more sustained alcohol free period. These data reinforce the idea that public policies should focus on promoting multiple health behavioral change (52) .
In terms of health outcomes, our study revealed that individuals with the "meat dietary pattern" reported depression symptoms more often. In line with our results, several studies have found that people who have an unhealthy diet were more likely to report symptoms of depression (25, (53) (54) (55) (56) (57) . Indeed, several explanations can be pointed out for this result. There is some evidence suggesting that a healthy DP, with high intake of fruit, vegetables, whole grains, and fish, may reduce the depression risk. On the other hand, there is also evidence from observational studies that unhealthy diets, namely those with high contents of saturated fat and refined carbohydrates are identified as risk factors for depression. Furthermore, depression in elderly is associated with inability to shop for food and prepare meals (58) .
We had tested the interactions between: diabetes and female sex; smokers and female sex; smokers and age; physical activity and female sex; physical activity and age; depression symptoms and female sex; and depression symptoms and age. For all the interactions tested we just found a significant association between depression symptoms and age (OR = 1.02; p = 0.04), as well as between depression symptoms and female sex (OR = 2.36; p = 0.013). These significant interactions showed that the effect of the observed association between depression symptoms and "meat dietary pattern" is higher as age increases and in female individuals. These interactions were tested because several studies show that women and older individuals are more likely to have depression symptoms.
In our study, individuals with self-reported diabetes were less likely to report the "unhealthy" DP. One explanation could be that, since this is a cross-sectional study, it is possible that participants who had been previously diagnosed with diabetes might have modified their diet, which might explain this unexpected association. This finding might also be a result of social desirability bias in self-report data of dietary intake. In fact, several studies found that after a diagnosis of a chronic disease individuals tend to improve health-related behaviors (59-61).
We did not find associations between the "unhealthy dietary pattern" and overweight or obesity. One possible explanation for the absence of association between "unhealthy dietary pattern" and overweight or obesity could be the fact that our models were not adjusted for total energy intake (62) and/or some of the obese individuals are changing habits to decrease weight.
Our study has limitations that should be pointed out. It is important to highlight that the questions we used to assess dietary intake are limited to a few number of food groups. Thus, we are not able to look at these DPs as a whole. Although in our study we did not use the recommended methods to evaluate food consumption, the DPs found in our study are similar to those found in other studies of DPs analysis, namely in terms of food content of fruit, vegetables, and meat (63, 64) . To examine the association between food consumption, socioeconomic factors, lifestyle behaviors, and health outcomes we used a DP approach (a posteriori defined DPs), which has the advantage to take into account the synergistic effects of the different nutrients and foods. Eating behavior is a complex issue and its evaluation requires the utilization of relative complex methods to assess food consumption. As a matter of fact, WHO suggested that in nutritional epidemiologic studies, population food consumption should be based on eating patterns (42, 65, 66) . Besides, according to a study conducted to analyze the validity and reproducibility of a posteriori DPs using food consumption data collected by two distinct methods (food frequency questionnaire and 24-h recall), two DPs similar to those that we found in our study were also found: "fruit and vegetables" DP and "meat" DP. This suggests a reasonable reproducibility of the DPs derived from the different method used to assess food consumption (64) . Other limitation is the cross-sectional design, where causal associations are unable to be identified. However, to our knowledge, these data are a major contribution for the understanding of the Portuguese dietary habits since there are no updated data regarding food consumption in a national representative population for Portugal. To our knowledge, this is the first study addressing the associations between DPs, socioeconomic status, lifestyle behaviors, and health outcomes, conducted in a large sample representative for the Portuguese population.
In conclusion, this study has identified diet vulnerable strata (male, young age, lower years of education, unemployment, part-time employment, domestic working, and island residents) among Portuguese adults. Moreover, unhealthy DP characterized by a lower frequency of consumption of soup, vegetables, fruit, fish, milk/dairy, less water intake, and a higher frequency of consumption of meat was significantly associated with depression symptoms. Strategies to promote fruit and vegetables consumption [at least 400 g per day in order to achieve WHO recommendations (67) ] and assure the adequate intake of dairy products (2-3 portions per day in order to meet Portuguese food guide) and meat (37.5-112.5 g per day in order to meet Portuguese food guide) (68) must be a priority of public health policies.
Finally, unhealthy DPs are associated with other unhealthy lifestyle behaviors, such as physical inactivity, smoking, and alcoholic habits, which reinforces the idea that behavioral changes interventions should target more than one lifestyle domain (eat habits, physical exercise, alcohol, and smoking habits) (69) .
Health education and multiple health behavioral change programs should start immediately among Portuguese vulnerable strata in order to improve their health status.
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